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2.0 PIC16C745/765 DEVICE
VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in the PIC16C745/765 Product
Identification System section at the end of this data
sheet. When placing orders, please use that page of
the data sheet to specify the correct part number.

2.1 UV Erasable Devices

The UV erasable version, offered in windowed CERDIP
packages, is optimal for prototype development and
pilot programs. This version can be erased and
reprogrammed to any of the supported oscillator
modes.

Microchip's PICSTART® Plus and PRO MATE®I|
programmers both support programming of the
PIC16C745/765.

2.2 One-Time-Programmable (OTP)
Devices

The availability of OTP devices is especially useful for
customers who need the flexibility for frequent code
updates and small volume applications.

The OTP devices, packaged in plastic packages, per-
mit the user to program them once. In addition to the
program memory, the configuration bits must also be
programmed.

2.3 Quick-Turnaround-Production (QTP)
Devices

Microchip offers a QTP Programming Service for fac-
tory production orders. This service is made available
for users who choose not to program a medium to high
quantity of units and whose code patterns have stabi-
lized. The devices are identical to the OTP devices but
with all EPROM locations and configuration options
already programmed by the factory. Certain code and
prototype verification procedures apply before produc-
tion shipments are available. Please contact your local
Microchip Technology sales office for more details.

2.4 Serialized Quick-Turnaround
Production (SQTPSM) Devices

Microchip offers a unique programming service where
a few user-defined locations in each device are pro-
grammed with different serial numbers. The serial num-
bers may be random, pseudo-random or sequential.

Serial programming allows each device to have a
uniqgue number, which can serve as an entry-code,
password or ID number.

© 1999-2013 Microchip Technology Inc.
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NOTES:
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FIGURE 4-2: DATA MEMORY MAP FOR PIC16C745/765

Bank 0 File Bank 1 File Bank 2 File Bank 3 File
Address Address Address Address
Indirect addr.(*)  |00h Indirect addr.(*)  |80h Indirect addr.(*)  {100h Indirect addr.(*)  [180h
TMRO 0t1h OPTION_REG 81h TMRO 101h OPTION_REG 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD(@) 08h TRISD(® 88h 108h 188h
PORTE(® 09h TRISE(?) 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
PIR2 0Dh PIE2 8Dh 10Dh 18Dh
TMR1L OEh PCON 8Eh 10Eh 18Eh
TMR1H OFh 8Fh 10Fh 18Fh
T1CON 10h 90h 110h UIR 190h
TMR2 11h 91h 111h UIE 191h
T2CON 12h PR2 92h 112h UEIR 192h
13h 93h 113h UEIE 193h
14h 94h 114h USTAT 194h
CCPRI1L 15h 95h 115h UCTRL 195h
CCPR1H 16h 96h 116h UADDR 196h
CCP1CON 17h 97h 117h uswsTaT) 197h
RCSTA 18h TXSTA 98h 118h UEPO 198h
TXREG 19h SPBRG 99h 119h UEP1 199h
RCREG 1Ah 9Ah 11Ah UEP2 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh("
CCPR2H 1Ch 9Ch 11Ch 19ch(™
CCP2CON 1Dh 9Dh 11Dh 19Dh(M
ADRES 1Eh 9Eh 11Eh 19enh(M
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh(M
General 20h General AOh General 120h USB Dual Port 1A0h
Purpose Purpose Purpose Memory
Register Register Register 64 Bytes
96 Bytes 80 Bytes 80 Bytes
1DFh
1EOh
EFh 16Fh 1EFh
accesses FOh accesses 170h accesses 1FOh
7Fh 70h-7Fh FFh 70h-7Fh 17Fh 70h-7Fh 1FFh

Unimplemented data memory locations, read as ‘0’.
*Not a physical register.
Note 1: Reserved registers may contain USB state information.
2: Parallel slave ports (PORTD and PORTE) not implemented on PIC16C745; always maintain these bits clear.

DS41124D-page 16 Preliminary © 1999-2013 Microchip Technology Inc.
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4225

This register contains the individual flag bits for the
peripheral interrupts.

PIR1 REGISTER Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). User soft-
ware should ensure the appropriate inter-
rupt flag bits are clear prior to enabling an
interrupt.

REGISTER 4-5: PERIPHERAL INTERRUPT REGISTER1 (PIR1: 0Ch)

R/W-0

R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0

|PSPIF| ADIF | RCIF | TXIF | USBIF | CCP1IF | TMR2IF| TMR1IF| [R = Readable bit

bit7

bit 7:

bit 6:

bit 5:

bit 4:

bit 3:

bit 2:

bit 1:

bit O:

Note 1:

W = Writable bit
U = Unimplemented bit,
read as ‘0’
Value at POR reset

bit0

-N

PSPIF("): Parallel Slave Port Read/Write Interrupt Flag bit
1 = A read or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete

RCIF: USART Receive Interrupt Flag bit
1 = The USART receive buffer is full (clear by reading RCREG)
0 = The USART receive buffer is empty

TXIF: USART Transmit Interrupt Flag bit
1 = The USART transmit buffer is empty (clear by writing to TXREG)
0 = The USART transmit buffer is full

USBIF: Universal Serial Bus (USB) Interrupt Flag

1 = A USB interrupt condition has occurred. The specific cause can be found by examining the contents
of the UIR and UIE registers.

0 = No USB interrupt conditions that are enabled have occurred.

CCP1IF: CCP1 Interrupt Flag bit

Capture Mode
1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMRH1 register capture occurred

Compare Mode
1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM Mode
Unused in this mode

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit
1 = TMRH1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Parallel slave ports not implemented on the PIC16C745; always maintain this bit clear.

DS41124D-page 26 Preliminary © 1999-2013 Microchip Technology Inc.
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4228 PCON REGISTER Note: BOR is unknown on POR. It must be set by

The Power Control (PCON) register contains flag bits the user and checked on subsequent
to allow differentiation between a Power-on Reset RESETS to see if BOR is clear, indicating
(POR), a Brown-out Reset (BOR), a Watchdog Reset a brown-out has occurred.

(WDT) and an external MCLR Reset.

REGISTER 4-8: POWER CONTROL REGISTER REGISTER (PCON: 8Eh)

u-0 U-0 u-0 u-0 u-0 u-0 R/W-0 R/W-q
[ — T — ] — T =1 =1 — ] rPor ] BoR ||[R = Readablebit
bit7 bito |W = Writable bit
U = Unimplemented bit,
read as ‘0’
-n = Value at POR reset

bit 7-2: Unimplemented: Read as '0'
bit 1: POR: Power-on Reset Status bit

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit O: BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

DS41124D-page 28 Preliminary © 1999-2013 Microchip Technology Inc.
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4.3 PCL and PCLATH

The program counter (PC) is 13-bits wide. The low byte
comes from the PCL register, which is a readable and
writable register. The upper bits (PC<12:8>) are not
readable, but are indirectly writable through the
PCLATH register. On any RESET, the upper bits of the
PC will be cleared. Figure 4-3 shows the two situations
for the loading of the PC. The upper example in the fig-
ure shows how the PC is loaded on a write to PCL
(PCLATH<4:0> — PCH). The lower example in the fig-
ure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> — PCH).

FIGURE 4-3: LOADING OF PC IN
DIFFERENT SITUATIONS

PCH PCL
12 8 _7 0 Instruction with
PC | | PCLas
Destination
PCLATH<4:0> 8
5 ALU
LI T T 1]
PCLATH
PCH PCL
12 1110 8 7 0
PC | | : | coro,carr
PCLATH<4:3> 11
2 Opcode <10:0>
LITTTITT]
PCLATH

4.3.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter (ADDWF PCL). When doing a
table read using a computed GOTO method, care
should be exercised if the table location crosses a PCL
memory boundary (each 256 byte block). Refer to the
application note “Implementing a Table Read" (AN556).

432 STACK

The PIC16C745/765 family has an 8-level deep x 13-bit
wide hardware stack. The stack space is not part of
either program or data space and the stack pointer is
not readable or writable. The PC is PUSHed onto the
stack when a CALL instruction is executed or an inter-
rupt causes a branch. The stack is POPed in the event
of a RETURN, RETLW or a RETFIE instruction execu-
tion. PCLATH is not affected by a PUSH or POP opera-
tion.

The stack operates as a circular buffer. This means that
after the stack has been PUSHed eight times, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
SO on).

Note 1: There are no status bits to indicate stack
overflow or stack underflow conditions.

2: There are no instructions/mnemonics
called PUSH or POP. These are actions that
occur from the execution of the CALL,
RETURN, RETLW, and RETFIE instruc-
tions, or the vectoring to an interrupt
address.

4.4 Program Memory Paging

PIC16CXX devices are capable of addressing a contin-
uous 8K word block of program memory. The CALL and
GOTO instructions provide only 11 bits of address to
allow branching within any 2K program memory page.
When doing a CALL or GOTO instruction, the upper 2
bits of the address are provided by PCLATH<4:3>.
When doing a CALL or GOTO instruction, the user must
ensure that the page select bits are programmed so
that the desired program memory page is addressed. If
a return from a CALL instruction (or interrupt) is exe-
cuted, the entire 13-bit PC is pushed onto the stack.
Therefore, manipulation of the PCLATH<4:3> bits is
not required for the return instructions (which POPs the
address from the stack).

Example 4-1 shows the calling of a subroutine in
page 1 of the program memory. This example assumes
that PCLATH is saved and restored by the interrupt ser-
vice routine (if interrupts are used).

EXAMPLE 4-1: CALL OF A SUBROUTINE IN
PAGE 1 FROM PAGE 0

ORG 0x500

BSF PCLATH, 3 ;Select page 1 (800h-FFFh)
CALL SUB1_P1 ;Call subroutine in

: jpage 1 (800h-FFFh)

ORG 0x900 ;page 1 (800h-FFFh)
SUB1_P1
: ;called subroutine
;page 1 (800h-FFFh)

RETURN jreturn to Call subroutine
;in page 0 (000h-7FFh)

© 1999-2013 Microchip Technology Inc.
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6.0 TIMERO MODULE

The Timer0 module timer/counter has the following fea-
tures:

¢ 8-bit timer/counter

* Readable and writable

¢ 8-bit software programmable prescaler

¢ Internal or external clock select

¢ Interrupt-on-overflow from FFh to 00h

* Edge select for external clock

Figure 6-1 is a block diagram of the Timer0 module and
the prescaler shared with the WDT.

Additional information on the Timer0 module is avail-
able in the PIC Mid-Range MCU Family Reference
Manual (DS33023).

Timer mode is selected by clearing bit TOCS
(OPTION_REG<5>). In timer mode, the Timer0 mod-
ule will increment every instruction cycle (without pres-
caler). If the TMRO register is written, the increment is
inhibited for the following two instruction cycles. The
user can work around this by writing an adjusted value
to the TMRO register.

Counter mode is selected by setting bit TOCS
(OPTION_REG<5>). In counter mode, TimerQ will
increment either on every rising or falling edge of pin
RA4/TOCKI. The incrementing edge is determined by
the Timer0 Source Edge Select bit TOSE
(OPTION_REG<4>). Clearing bit TOSE selects the ris-
ing edge. Restrictions on the external clock input are
discussed in detail in Section 6.2.

The prescaler is mutually exclusively shared between
the Timer0 module and the watchdog timer. The pres-
caler is not readable or writable. Section 6.3 details the
operation of the prescaler.

6.1 TimerO0 Interrupt

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h. This overflow sets bit
TOIF (INTCON<2>). The interrupt can be masked by
clearing bit TOIE (INTCON<5>). Bit TOIF must be
cleared in software by the TimerO module interrupt ser-
vice routine before re-enabling this interrupt. The
TMRO interrupt cannot awaken the processor from
SLEEP, since the timer is shut off during SLEEP.

FIGURE 6-1: BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

FINT Data Bus
\ A 8
0 '\lj' %
RA4/TOCKI M
Pin X u _| SYNC
1 > 2 TMRO reg

X Cycles

TOSE T *

TOCS .
PSA Set flag bit TOIF
on Overflow
PRESCALER
r— - - — — — — — — 1
0 M | - 8-bit Prescaler !
0 |
Watchdog 1 X | 8 |
Timer | |
T | 8 - to - IMUX — PS<2:0> |
T PSA L _ — T - —_ _ _ _ _ J
| 0 |
WDT Enable bit
MUX |«— PSA
WDT
Time-out
Note: TOCS, TOSE, PSA, PS<2:0> are (OPTION_REG<5:0>).

© 1999-2013 Microchip Technology Inc. Preliminary DS41124D-page 43
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71 Timer1 Operation in Timer Mode

Timer mode is selected by clearing the TMR1CS
(T1CON<1>) bit. In this mode, the input clock to the

timer is FINT. The synchronize control bit TISYNC

(T1CON<2>) has no effect since the internal clock is
always in sync.

FIGURE 7-1: TIMER1 BLOCK DIAGRAM

7.2 Timer1 Operation in Synchronized
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
clock input on pin RC1/T10SI/CCP2, when bit
T10SCEN is set, or on pin RCO/T10SO/T1CKI, when
bit TTOSCEN is cleared.

If TISYNC is cleared, then the external clock input is
synchronized with internal phase clocks. The synchro-
nization is done after the prescaler stage. The pres-
caler stage is an asynchronous ripple-counter.

In this configuration, during SLEEP mode, Timer1 will
not increment even if the external clock is present,
since the synchronization circuit is shut off. The pres-
caler however will continue to increment.

Set flag bit
TMR1IF on
Overflow 0= Synchronized
TMRH1 clock input
TMR1H ‘ TMR1L
1| —
TMR10ON
-------- on/off T1SYNC
' T10SC |
RCO/T10SO/T1CKI & + 9 @ 1 ST—
: | Prescaler ynchronize A
T10OSCEN FINT 1,2,4,8 A det
gna.ﬁ'i () Internal— 0 } I
RC1/T10S1/CCP2 scillator
ciTiosiee Clock 2 SLEEP input

T1CKPS<1:0>
TMR1CS

Note 1: When the TIOSCEN bit is cleared, the inverter is turned off. This eliminates power drain.

DS41124D-page 46 Preliminary
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8.0 TIMER2 MODULE

Timer2 is an 8-bit timer with a prescaler and a
postscaler. It can be used as the PWM time-base for
the PWM mode of the CCP module(s). The TMR2 reg-
ister is readable and writable, and is cleared on any
device RESET.

The input clock (FINT/4) has a prescale option of 1:1,
1:4 or 1:16, selected by control bits T2CKPS<1:0>
(T2CON<1:0>).

The Timer2 module has an 8-bit period register PR2.
Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is
a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 1:1 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in flag bit
TMR2IF, (PIR1<1>)).

Timer2 can be shut off by clearing control bit TMR20ON
(T2CON<2>) to minimize power consumption.

Register 8-1 shows the Timer2 control register.

Additional information on timer modules is available in
the PIC Mid-Range MCU Family Reference Manual
(DS33023).

8.1 Timer2 Prescaler and Postscaler

The prescaler and postscaler counters are cleared

when any of the following occurs:

* a write to the TMR2 register

¢ a write to the T2CON register

¢ any device RESET (POR, MCLR Reset, WDT
Reset or BOR)

TMR2 is not cleared when T2CON is written.

FIGURE 8-1: TIMER2 BLOCK DIAGRAM

Sets flag
A TMR2
bit TMR2IF output
RESET Prescaler
TMR2 —F
Postscaler /I/z

1:1 to 1:16| EQ

ba

T20UTPS<3:0>

T2CKPS<1:0>

REGISTER 8-1: TIMER2 CONTROL REGISTER (T2CON: 12h)

u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

R/W-0 R/W-0

| — [routpss|touTPs2|TOUTPS1|TOUTPSO| TMR2ON |T2CKPS1]|T2CKPSO| [R = Readable bit

bit7

bit 7: Unimplemented: Read as '0'

0000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = 1:3 Postscale

1111 = 1:16 Postscale

bit 2: TMR20ON: Timer2 On bit
1 =Timer2 is on
0 = Timer2 is off

00 = Prescaler is 1
01 = Prescaleris 4
1x = Prescaler is 16

bit 6-3: TOUTPS<3:0>: Timer2 Output Postscale Select bits

bit 1-0: T2CKPS<1:0>: Timer2 Clock Prescale Select bits

pito |W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

© 1999-2013 Microchip Technology Inc.
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TABLE 8-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

Value on: Value on

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR resets

0Bh,8Bh, INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x ( 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF( ADIF RCIF TXIF USBIF CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
8Ch PIE1 PSPIE(") ADIE RCIE TXIE USBIE CCP1IE | TMR2IE | TMR1IE | 0000 0000|0000 0000
11h TMR2 | Timer2 module’s register 0000 0000 | 0000 0000
12h T2CON — | TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSQ | -000 0000 ] -000 0000
92h PR2 Timer2 Period Register 1111 1111711121 1111
Legend: x = unknown, u = unchanged, - = unimplemented read as '0'. Shaded cells are not used by the Timer2 module.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C745; always maintain these bits clear.

DS41124D-page 50 Preliminary © 1999-2013 Microchip Technology Inc.
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FIGURE 9-4: PWM OUTPUT

Period
ccPi1@ | I | [
.~ Z
: Duty Cycle

. L (1)
(1)

Note 1: At this time, the TMR2 register is equal to the PR2 register.
2: Output signal is shown as asserted high.

9.3.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:
PWM period = [(PR2) + 1] * 4 « TOSC *
(TMR?2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
¢ The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)

e The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note: The Timer2 postscaler (see Section 8.1) is
not used in the determination of the PWM
frequency. The postscaler could be used to
have a servo update rate at a different fre-
quency than the PWM output.

9.3.2 PWMDUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRI1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle = (CCPRIL:CCP1CON<5:4>) ¢
Tosc * (TMR?2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read-only register.

The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2 con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

Maximum PWM resolution (bits) for a given PWM
frequency:

FINT )

) O\ FpwMm
Resolution = — bits

log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.

9.3.3 SET-UP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:
1. Setthe PWM period by writing to the PR2 register.

2. Set the PWM duty cycle by writing to the
CCPRI1L register and CCP1CON<5:4> bits.

3. Make the CCP1 pin an output by clearing the
TRISC<2> bit.

4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.

5. Configure the CCP1 module for PWM operation.
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11.0 UNIVERSAL SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/O modules. (USART is also known as a Serial Com-
munications Interface or SCI). The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices, such as CRT ter-
minals and personal computers, or it can be configured

as a half duplex synchronous system that can commu-
nicate with peripheral devices, such as A/D or D/A inte-
grated circuits, Serial EEPROMSs, etc.

The USART can be configured in the following modes:
¢ Asynchronous (full duplex)

¢ Synchronous - Master (half duplex)

¢ Synchronous - Slave (half duplex)

Bits SPEN (RCSTA<7>) and TRISC<7:6> have to be
set in order to configure pins RC6/TX/CK and RC7/RX/

DT as the Universal Synchronous Asynchronous
Receiver transmitter.

REGISTER 11-1: TRANSMIT STATUS AND CONTROL REGISTER (TXSTA: 98h)

R/W-0 R/W-0 R/W-0 R/W-0 U-0

R-1 R/W-0

| csRc | TX9 | TXEN | sYNC | —

| BRGH | TRMT | TX9D | [R = Readable bit

bit7

bit 7: CSRC: Clock Source Select bit

Asynchronous mode
Don’t care

Synchronous mode

bit 6: TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission

bit 5: TXEN: Transmit Enable bit
1 = Transmit enabled
0 = Transmit disabled

bit 4: SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3: Unimplemented: Read as '0'
bit 2: BRGH: High Baud Rate Select bit

Asynchronous mode
1 = High speed
0 = Low speed

Synchronous mode
Unused in this mode

bit 1: TRMT: Transmit Shift Register Status bit
1 =TSR empty
0 =TSR full

1 = Master mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external source)

Note: SREN/CREN overrides TXEN in SYNC mode.

bit O: TX9D: 9th bit of transmit data. (Can be used for parity.)

bItO W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset
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REGISTER 11-2: RECEIVE STATUS AND CONTROL REGISTER (RCSTA: 18h)

R/W-0

R/W-0 R/W-0 R/W-0 U-0 R-0 R-0 R-x

| SPEN

| Rx9 [ SREN | CREN | — [ FERR | OERR | RX9D | |R =Readable bit

bit7

bit 7:

bit 6:

bit 5:

bit 4:

bit 3:
bit 2:

bit 1:

bit 0:

bito W = Writable bit

U = Unimplemented bit,
read as ‘0’

-n = Value at POR reset

SPEN: Serial Port Enable bit

1 = Serial port enabled (Configures RC7/RX/DT and RC6/TX/CK pins as serial port pins)
0 = Serial port disabled

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode
Don’t care

Synchronous mode - master

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode - slave
Unused in this mode

CREN: Continuous Receive Enable bit

Asynchronous mode
1 = Enables continuous receive
0 = Disables continuous receive

Synchronous mode

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

Unimplemented: Read as '0'

FERR: Framing Error bit
1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

OERR: Overrun Error bit
1 = Overrun error (Can be cleared by clearing bit CREN)
0 = No overrun error

RX9D: 9th bit of received data. (Can be used for parity.)
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Steps to follow when setting up an Asynchronous 4. If 9-bit transmission is desired, then set transmit
Transmission: bit TX9.
1. Initialize the SPBRG register for the appropriate 5. Enable the transmission by setting bit TXEN,

baud rate. If a high speed baud rate is desired, which will also set bit TXIF.

set bit BRGH. (Section 11.1) 6. If 9-bit transmission is selected, the ninth bit
2. Enable the asynchronous serial port by clearing should be loaded in bit TX9D.

bit SYNC and setting bit SPEN. 7. Load data to the TXREG register (starts trans-
3. If interrupts are desired, then set enable bit mission).

TXIE.

FIGURE 11-2: ASYNCHRONOUS MASTER TRANSMISSION

Write to TXREG I (¢
Word 1

] | | | g | | —
RC6/TX/CK (pin :
(bin) TN\ Start Bit Bto X Bit1_x_ §¢ X Bit7/8

BRG output
(shift clock) — '

,/Stop Bit
TXIF bit ' WORD 1 ' '
(Transmit buffer cc '
reg. empty flag) |_| D) :
TRMT bit WORD 1 ——» 1

(Transmit shift Transmit Shift Reg

reg. empty flag) 4|

)
"

FIGURE 11-3: ASYNCHRONOUS MASTER TRANSMISSION (BACK TO BACK)

Write to TXREG i Il c
BRG output Word 1 Word 2 J)
(shift clock) ' ' I I I I i | | | | |
RC6/TX/CK (pin ' . .
/oK e N _Start Bit <_Bit0 Biti X_ (X Bit7/8 /swopmir \StartBit < Bito _
TXIF bit Y | WORD 5
(interrupt reg. flag) o WORD 1 | ORD 2
P S5
TRMT bit WORD 1 ——» WOHD 2
(Transmit shift Transmit Shift Reg. £
reg. empty flag) g Transmit Shift Reg.
C
)

Note: This timing diagram shows two consecutive transmissions.

TABLE 11-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Value on: Value on

Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR Resets

0Ch PIR1 PSPIFM | ADIF | RCIF TXIF | USBIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
18h RCSTA SPEN RX9 | SREN | CREN — FERR | OERR RX9D | 0000 -00x [0000 -00x
19h TXREG | USART Transmit Register 0000 0000 | 0000 0000
8Ch PIE1 PSPIE® | ADIE | RCIE TXIE | USBIE| CCP1IE | TMR2IE | TMR1IE | 0000 0000 |[0000 0000
98h TXSTA CSRC TX9 TXEN | SYNC — BRGH | TRMT TX9D | 0000 -010 [0000 -010
9%h SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x = unknown, - = unimplemented locations read as '0'. Shaded cells are not used for asynchronous transmission.

Note 1: Bits PSPIE and PSPIF are reserved on the PIC16C745; always maintain these bits clear.
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11.3 USART Synchronous Master Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner, i.e., transmission and reception
do not occur at the same time. When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition, enable bit SPEN (RCSTA<7>) is set in order
to configure the RC6/TX/CK and RC7/RX/DT /O pins
to CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA<7>).

11.3.1  USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 11-1. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer register
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcycle), the TXREG is empty and inter-
rupt bit TXIF (PIR1<4>) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicates the status
of the TXREG register, another bit TRMT (TXSTA<1>)
shows the status of the TSR register. TRMT is a read
only bit which is set when the TSR is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register is empty.
The TSR is not mapped in data memory, so it is not
available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is sta-
ble around the falling edge of the synchronous clock
(Figure 11-6). The transmission can also be started by
first loading the TXREG register and then setting bit
TXEN (Figure 11-7). This is advantageous when slow
baud rates are selected, since the BRG is kept in
RESET when bits TXEN, CREN and SREN are clear.
Setting enable bit TXEN will start the BRG, creating a
shift clock immediately. Normally, when transmission is
first started, the TSR register is empty, so a transfer to
the TXREG register will result in an immediate transfer
to TSR resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN, during a transmission, will
cause the transmission to be aborted and will reset the
transmitter. The DT and CK pins will revert to hi-
impedance. If either bit CREN or bit SREN is set during
a transmission, the transmission is aborted and the DT
pin reverts to a hi-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic, however, is not
reset, although it is disconnected from the pins. In order
to reset the transmitter, the user has to clear bit TXEN.
If bit SREN is set (to interrupt an on-going transmission
and receive a single word), then after the single word is
received, bit SREN will be cleared and the serial port
will revert back to transmitting, since bit TXEN is still
set. The DT line will immediately switch from hi-imped-
ance receive mode to transmit and start driving. To
avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the “present” value of bit TX9D is loaded.

Steps to follow when setting up a Synchronous Master

Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 11.1).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.
Enable the transmission by setting bit TXEN.
If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREG register.

o0 krw
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12.7 Use of the CCP Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP2 module. This requires that the
CCP2M<3:0> bits (CCP2CON<3:0>) be programmed as
1011 and that the A/D module is enabled (ADON bit is
set). When the trigger occurs, the GO/DONE bit will be
set, starting the A/D conversion, and the Timer1 counter
will be reset to zero. Timer1 is reset to automatically
repeat the A/D acquisition period with minimal software

overhead (moving the ADRES to the desired location).
The appropriate analog input channel must be selected
and the minimum acquisition done before the “special
event trigger” sets the GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared),
then the “special event trigger” will be ignored by the
A/D module, but will still reset the Timer1 counter.

TABLE 12-2: SUMMARY OF A/D REGISTERS
Value on: | Value on all
Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR Resets
0Bh8Bh, |INTCON | GIE | PEIE | TOIE INTE RBIE | TOIF INTF | RBIF [0000 000x | 0000 000u
10Bh,18Bh
0Ch PIR1 PSPIF(M | ADIF RCIF TXIF USBIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
8Ch PIE1 PSPIE™M | ADIE RCIE TXIE USBIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 [ 0000 0000
1Eh ADRES | A/D Result Register XXXX XXXX |Uuuuu uuuu
1Fh ADCONO | ADCS1 | ADCSO| CHS2 CHSH CHSO ﬂ — ADON | 0000 00-0{0000 00-0
DONE
9Fh ADCON1 — — — — — PCFG2 | PCFG1 | PCFGO | ---- -000|---- -000
05h PORTA — — RA5 RA4 RA3 RA2 RA1 RAQ | --0x 0000 |--0u 0000
85h TRISA — — | PORTA Data Direction Register --11 1111 |--11 1111
09h PORTE — — — — — RE2( \ RE1() | REOM | ---- -xxx|---- -uuu
89h TRISE iBFM | oBF™ | 1Bov(") | psSP-MODE(" | — | PORTE™ Data Direction Bits | 0000 -111|0000 -111
Legend: x = unknown, u = unchanged, - = unimplemented read as '0". Shaded cells are not used for A/D conversion.

Note 1:

These bits are reserved on the PIC6C745; always maintain these bits clear.
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IORLW Inclusive OR Literal with W
Syntax: [ label] 1ORLW k
Operands: 0<k<255

Operation: (W) .OR. k - (W)

Status Affected: Z

Description: The contents of the W register
are OR’ed with the eight bit literal
'k'. The result is placed in the W
register.

IORWF Inclusive OR W with f

Syntax: [ label] IORWF fd

Operands: 0<f<127
d e [0,1]

Operation: (W) .OR. (f) — (destination)

Status Affected:

z

MOVLW Move Literal to W

Syntax: [ label] MOVLW k

Operands: 0<k<255

Operation: k — (W)

Status Affected:  None

Description: The eight bit literal 'k' is loaded
into W register. The don’t cares
will assemble as 0’s.

MOVWF Move W to f

Syntax: [ label] MOVWF f

Operands: 0<f<127

Operation: (W) — ()

Status Affected:  None

Description: Move data from W register to reg-
Description: Inclusive OR the W register with ister 'f'.
register 'f'. If 'd' is O the result is
placed in the W register. If 'd" is 1
the result is placed back in regis-
ter 'f'.
MOVF Move f NOP No Operation
Syntax: [ label] MOVF fd Syntax: [ /label] NOP
Operands: 0<f<127 Operands: None
de[0,1] Operation: No operation
Operation: (f) —> (destination) Status Affected: None
Status Affected: Z Description: No operation.
Description: The contents of register f are
moved to a destination dependent
upon the status of d. If d = 0, des-
tination is W register. If d = 1, the
destination is file register f itself. d
=1 is useful to test a file register
since status flag Z is affected.
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15.9 PRO MATE Il Universal Programmer

The PRO MATE Il Universal Programmer is a full-fea-
tured programmer capable of operating in stand-alone
mode as well as PC-hosted mode. PRO MATE Il is CE
compliant.

The PRO MATE Il has programmable VDD and VPP
supplies which allows it to verify programmed memory
at VDD min and VDD max for maximum reliability. It has
an LCD display for instructions and error messages,
keys to enter commands and a modular detachable
socket assembly to support various package types. In
stand-alone mode the PRO MATE Il can read, verify or
program PIC devices. It can also set code-protect bits
in this mode.

15.10 PICSTART Plus Entry Level
Development System

The PICSTART programmer is an easy-to-use, low-
cost prototype programmer. It connects to the PC via
one of the COM (RS-232) ports. MPLAB Integrated
Development Environment software makes using the
programmer simple and efficient.

PICSTART Plus supports all PIC devices with up to 40
pins. Larger pin count devices such as the PIC16C92X,
and PIC17C76X may be supported with an adapter
socket. PICSTART Plus is CE compliant.

15.11 PICDEM-1 Low-Cost PIC MCU
Demonstration Board

The PICDEM-1 is a simple board which demonstrates
the capabilities of several of Microchip’s microcontrol-
lers. The microcontrollers supported are: PIC16C5X
(PIC16C54 to PIC16C58A), PIC16C61, PIC16C62X,
PIC16C71, PIC16C8X, PIC17C42, PIC17C43 and
PIC17C44. All necessary hardware and software is
included to run basic demo programs. The users can
program the sample microcontrollers provided with
the PICDEM-1 board, on a PRO MATE Il or
PICSTART-Plus programmer, and easily test firm-
ware. The user can also connect the PICDEM-1
board to the MPLAB-ICE emulator and download the
firmware to the emulator for testing. Additional proto-
type area is available for the user to build some addi-
tional hardware and connect it to the microcontroller
socket(s). Some of the features include an RS-232
interface, a potentiometer for simulated analog input,
push-button switches and eight LEDs connected to
PORTB.

15.12 PICDEM-2 Low-Cost PIC16CXX
Demonstration Board

The PICDEM-2 is a simple demonstration board that
supports the PIC16C62, PIC16C64, PIC16C65,
PIC16C73 and PIC16C74 microcontrollers. All the
necessary hardware and software is included to
run the basic demonstration programs. The user
can program the sample microcontrollers provided
with the PICDEM-2 board, on a PRO MATE Il pro-
grammer or PICSTART-Plus, and easily test firmware.
The MPLAB-ICE emulator may also be used with the
PICDEM-2 board to test firmware. Additional prototype
area has been provided to the user for adding addi-
tional hardware and connecting it to the microcontroller
socket(s). Some of the features include a RS-232 inter-
face, push-button switches, a potentiometer for simu-
lated analog input, a Serial EEPROM to demonstrate
usage of the 1°C bus and separate headers for connec-
tion to an LCD module and a keypad.

15.13 PICDEM-3 Low-Cost PIC16CXXX
Demonstration Board

The PICDEM-3 is a simple demonstration board that
supports the PIC16C923 and PIC16C924 in the PLCC
package. It will also support future 44-pin PLCC
microcontrollers with a LCD Module. All the neces-
sary hardware and software is included to run the
basic demonstration programs. The user can pro-
gram the sample microcontrollers provided with
the PICDEM-3 board, on a PRO MATE Il program-
mer or PICSTART Plus with an adapter socket, and
easily test firmware. The MPLAB-ICE emulator may
also be used with the PICDEM-3 board to test firm-
ware. Additional prototype area has been provided to
the user for adding hardware and connecting it to the
microcontroller socket(s). Some of the features include
an RS-232 interface, push-button switches, a potenti-
ometer for simulated analog input, a thermistor and
separate headers for connection to an external LCD
module and a keypad. Also provided on the PICDEM-3
board is an LCD panel, with 4 commons and 12 seg-
ments, that is capable of displaying time, temperature
and day of the week. The PICDEM-3 provides an addi-
tional RS-232 interface and Windows 3.1 software for
showing the demultiplexed LCD signals on a PC. A
simple serial interface allows the user to construct a
hardware demultiplexer for the LCD signals.
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16.2

DC Characteristics:

PIC16C745/765 (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature
Operating voltage VDD range as described in DC spec Section 16.1 and Section 16.2

-40°C <TA<

+85°C for industrial

Pz;l\lr:m Sym Characteristic Min Typt Max Units Conditions
Input Low Voltage
ViL 1/0O ports
D030 with TTL buffer Vss — 0.8 Vv
DO30A
D031 with Schmitt Trigger buffer Vss — 0.2 VDD \Y For entire Vop range
D032 MCLR, OSC1 (in EC, E4 Vss — 0.2 VDD \
mode)
D033 OSC1 (in HS, H4 mode) Vss — 0.3 VDD \Y Note 1
Input High Voltage
VIH 1/0 ports —
D040 with TTL buffer 2.0 — VDD \
D041 with Schmitt Trigger buffer 0.8 VDD — VDD \ For entire Vop range
D042 MCLR 0.8 VbD — VDD \
D042A OSC1 (HS, H4 mode) 0.7 VDD — VDD V | Note 1
D043 OSC1 (in EC, E4 mode) 0.9 VbD — VDD \
Input Leakage Current
(Notes 2, 3)
D060 li 1/0O ports — — +1 pA | VSS <VPIN < VDD,
Pin at hi-impedance
D061 MCLR, RA4/TOCKI — — +5 pA | Vss <VPIN <VDD
D063 OSCH1 — — +5 pA | VSS <VPIN < VDD,
HS osc mode
D070 |lrurs |PORTB weak pull-up current 50 250 400 pA | VDD =5V, VPIN = Vss
AViH |D+In 2.4 — — V | VDD =4.35V w/ USB suspended (Note 4
D-In 2.4 — — \Y VDD = 4.35V w/ USB suspended
AVOH |D+ Out 2.8 — 3.6 \Y VDD = 4.35V w/ USB suspended (Note 4
D- Out 2.8 — 3.6 V | VDD = 4.35V w/ USB suspended
AviL |D+1In — — .8 \Y VDD = 4.35V w/ USB suspended (Note 4
D-In — — .8 \Y, VDD = 4.35V w/ USB suspended
AvoL |D+ Out — — 3 V | VDD =4.35V w/ USB suspended (Note 4
D- Out — — 3 \Y VDD = 4.35V w/ USB suspended
Output Low Voltage
D080 (VoL |I/O ports — — 0.6 \ loL = 8.5 mA, VbD = 4.35V,
-40°C to +85°C
D083 OSC2/CLKOUT (EC, E4 osc — — 0.6 \Y loL=1.6 mA, VDD = 4.35V,
mode) -40°C to +85°C
Output High Voltage
D090 |[VoH |I/O ports (Note 3) VDD-0.7 — — \ IOH = -3.0 mA, VDD = 4.35V,
-40°C to +85°C
D092 OSC2/CLKOUT (EC osc VDD-0.7 — — \ IoH =-1.3 mA, VDD = 4.35V,
mode) -40°C to +85°C
D150* |Vob |Open-Drain High Voltage — — 10.5 \ RA4 pin
Capacitive Loading Specs on
Output Pins
D100 [COSC2|OSC2 pin — — 15 pF | In HS mode when external clock is used
to drive OSC1.
D101 Cio All /O pins and OSC2 (in EC — — 50 pF
mode)
CvusB | VUSB regulation capacitor — 200 — nF | + 20% (See Section 10.7.1)

*These parameters are characterized but not tested.
1 Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance only and are not tested.
In EC oscillator mode, the OSC1/CLKIN pin is a Schmitt Trigger input.
The leakage current on the MCLR/VPP pin is strongly dependent on the applied voltage level. The specified levels represent
normal operating conditions. Higher leakage current may be measured at different input voltages.

Negative current is defined as current sourced by the pin.
Parameters are per USB Specification 1.1. No Microchip specific parameter numbers exist (per the PIC Mid-Range Refer-
ence Manual, DS33023.

Note 1:
2:

3:
4:
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